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Abstract : Soil bacterial community and crop yield are affected by different combinations of continuous cropping and rotation. Cabbage (C),
kidney bean(B), and maize (M) commonly grown in northern dry land were selected and used for this study. The experiment comprises a
total of ten crop rotation combinations under three crop rotations: CMC, BMC, CCC, CMB, BMB, BBB, CCM, CBM, BBM, and BCM.
[llumina HiSeq high—throughput sequencing and physicochemical test methods were used to study the changes in bacterial community
structure and diversity in topsoil under the ten cropping rotation modes. To provide basis for rational crop rotation of cabbage, kidney bean,
and maize in semiarid region of light brown soil, the effects of different changes on crop yield were analyzed. The results showed that there
was a little difference in the OTUs and there was no difference in the richness of bacteria. The OTUs specific to CCC treatment was two,
while the OTUs specific to BMC, CMB, CCM, CBM, and BCM treatment was one. The richness index of soil bacteria in BCM treatment was
significantly lower than that in CCC treatment. Compared with that of CCC treatment, Ace index of BCM treatment decreased by 2.6%,
while Chaol index decreased by 2.5%. The shannon index of soil bacteria in CMC, BMC, CCC, BMB, CCM, and BBM treatments was
significantly higher than that in CBM treatments by 3.3%~3.6%. Compared with those in continuous cropping treatment, the changes in
relative abundance and community structure of bacteria in CBM treatment were the largest, followed by BCM treatment. Compared with
CCC treatment, crop rotation reduced richness and diversity of soil bacteria. Proteobacteria, Acidobacteria, and Bacteroidetes were the
dominant phyla in CMB and BMB treatments. The dominant phyla in other treatments were Proteobacteria, Acidobacteria, Bacteroidetes,
and Firmicutes. Proteobacteria was the phylum with the largest relative abundance in each treatment. Compared with those of soil bacteria
under continuous cropping, the relative abundance and community structure of soil bacteria under CBM treatment changed the most. It
significantly reduced the relative abundance of Proteobacteria, Chloroflexi, and Actinobacteria but increased the relative abundance of
Bacteroidetes. Abundance cluster heatmap of bacteria at genus level showed that CMC, BBB, and CCM treatments were more similar to
BMC, BBM, and BCM treatments in terms of soil bacterial community, followed by CCC, CMB, and BMB treatments with CMC, BMC, BBB,
CCM, BBM, and BCM treatments. CBM treatment had the greatest difference in bacterial communities compared with the remaining nine
treatments. Although, there was no significant change in crop yield, CMC, BMB and BBM treatments had the highest yield. In general,
kidney bean — kidney bean — maize was the best crop rotation combination.

Keywords: crop rotation; soil bacterial; bacterial diversity; bacterial community structure
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Figure 3 Community composition of bacteria at phylum level in

the different treatment soils
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Table 2 Bacterial alpha diversity index of soil under different treatments

g F & B Richness index ZREVESE B Diversity index e
Treatment AceF5%1 Ace index Chaol #5%% Chaol index Simpson 154 Simpson index  Shannon 45 %{ Shannon index ~ Coverage rate/%
CMC 2 366.53+41.38ab 2 378.45+42.62ab 0.997 5+0.000 2a 9.86+0.05a 99.9
BMC 2 345.42+36.64ab 2 357.68+41.99ab 0.997 5+0.000 1a 9.88+0.04a 99.8
cce 2385.14+20.75a 2393.19+22.86a 0.997 5+0.000 1a 9.88+0.05a 99.8
CMB 2 360.38+24.93ab 2 372.74+22.53ab 0.996 6+0.002 Oab 9.74+0.29ab 99.8
BMB 2361.44+7.75ab 2 374.05+11.24ab 0.997 7+0.000 1a 9.88+0.02a 99.8
BBB 2 349.40+33.57ab 2 364.93+37.07ab 0.997 4+0.000 2a 9.83+0.03ab 99.8
CCM 2 350.26+28.39ab 2 369.20+30.92ab 0.997 5+0.000 1a 9.85+0.04a 99.8
CBM 2 360.52+20.24ab 2372.37+18.12ab 0.993 4+0.006 6b 9.540.45h 99.8
BBM 2360.28+17.60ab 2373.53+17.41ab 0.997 4+0.000 1a 9.86+0.03a 99.8
BCM 2323.54+50.78b 2 333.62+48.70b 0.997 4+0.000 5a 9.82+0.11ab 99.8

TE AN RO AN I AR B ) A7 78 1 25 22 5 (P<0.05) .

Note: Different lowercase letters refer to difference among treatments at P<0.05 level.
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AN EAVEAL B, CBM  BCM 58 /40 R BE RS i 25 AR R
FETR T IARRT 2 B, AR /AL 2 (B CMC . BMC 20 3)
BRI T AR = A RSOR AN 2

PUFF R ] CMC 4k 2 & 2K T BMC . BBB.CCM .
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CCM , CBM #b 3 | 4y 4b B 15 (0] 35 G &8 3 22 5% 5
CMB ,BMB 4b PB4 A% - BBB 4L FH . 34 CCC 4b FH mg
fIKF BBB b3, AH XS & /AL 3, CCM , CBM #& 1 40 34
R S AT T AR XT3 B2, BMC . BBM . BCM 4b 3!
REW8 /INIR B2 42 = T 1 1 AH 6 - B, CMC . CMB . BMB 4b
PRABAS /NI RE RS TR T TR X 8

JERETE ] CMB . BMB AbH i KT CBM AbHH, HL
A Ab P PR ] 34 TG {3 25 5, CMC . BMC 2b 3 = T
CCCAbFH , CMB . BMB 4k BB T BBB Zb BH . 3% 1
CCC AL HmZ AT BBB AL B, A XA AL PE , CMB .BMB
AR AL PR RRAR S RE A | 1A 5, A e MR AL PR B
% /)N o T T AR R S

ZRAS R[] CBM 4R # i 2% fik T CMC . BMC . CCC
BMB 5 BBB 4t # , BCM 4t P g % Ik F CMC . BMC
CCCAbFH,CMB .BMB .BBB,CCM . BBM 4b # 3 i T
CMC .BMC Ab P, CCC 4b P 52K T CMC 4b P, 4y
Ak B PR ] 40 2 25 5, CMC . BMC &b 33 B = T
CCCAbH . FEAE CCC AbBEmS & F BBB &b B, AH X i
YEALFE , CMC . BMC %6 1 &b P2 /5 2% 25 1 1) AR X
JE, CBM Ab 38 I S5 R TR AR N 3 B, FERfe R b 28
(% BMB Ab 2 ) B3R 8% /)N B AT TRT 1A = B

TR TR AR 3 B2 7E 45 b 3R] 22 5748 /N, CMB

F3 ITKFLHZTOMARHENEEER

Table 3 Comparation of relative abundance of Top 6 bacteria on phylum level

Jb B IV FRATHA] AT ET] JERET ] LR R
Treatment Proteobacteria Acidobacteria Bacteroidetes Firmicutes Chloroflexi Actinobacteria
CMC 0.27+0.02ab 0.24+<0.01a 0.10+0.01d 0.10+0.05ab 0.09+<0.01a 0.06+0.01a
BMC 0.28+0.02a 0.23+0.01ab 0.13+0.01abe 0.11+0.04ab 0.08+0.01ab 0.06+<0.01a
CCC 0.27+0.01ab 0.23+0.02ab 0.11£0.01bed 0.10+0.02ab 0.08+0.01be 0.06+0.01a
CMB 0.27+<0.01ab 0.22+0.02abe 0.11+0.01cd 0.10+0.03b 0.07+<0.01cde 0.05+<0.01b
BMB 0.31+<0.01a 0.22+0.01abe 0.11£<0.01cd 0.09+0.01b 0.07£<0.01cd 0.06+<0.01a
BBB 0.28+0.02a 0.23+0.02ab 0.12+<0.01be 0.11+0.04ab 0.07£<0.01cd 0.06+0.01a
CCM 0.28+0.01a 0.20+0.01bed 0.13+0.01a 0.11+0.03ab 0.07+<0.01cde 0.06+<0.01a
CBM 0.28+0.01a 0.18+0.02d 0.14£0.01a 0.17+0.08a 0.06+<0.01e 0.05+<0.01b
BBM 0.28+0.02a 0.2120.02abed 0.13+<0.01ab 0.11£0.01ab 0.07+<0.01cde 0.06£0.01a
BCM 0.25+0.02b 0.20£0.01cd 0.13+<0.01ab 0.12+0.06ab 0.06+0.01de 0.06+<0.01a

TE AR NG FRERIR AN R AL B E] A AE 25 22 57 (P<0.05) .

Note: Different lowercase letters refer to difference among treatments at P<0.05 level.
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AFARLE: , ] Bsf 0,150 B 3 26 0] - 38 44 0 e A 7% 2 LA A
PR

S5 R W] AR S5 R AE D) | R FE D) A
[ ACAENRE | [R)FhVE D A8 VR AR FRON L 3EA0 T JR F 7 45
R 025 P Rl AR R 32 B2 29 A7 52 0, b CBM 48 A 4k 2
i R [R] T A 9 b B
2.6 AERIEAET =ERN N

TEFTFERAEAE AR R, 23 B AS [m] 42b B VE 477
T, 25 AN R 4 TR AT AR E P AR R A 34
SCFRIE) A TC i 25 5 . MUAEAPREAEY) y H EE R, CMC
b B, X CCC L BMC AR B3 1138 77 0.76%
8.30% ; W £EFIAEAEY) g = T B, BMB A 34 7 o 85 15 5
HIAERAELVE Y N F K, BBM A3 7 B s, Hok oy
BCM 4h P, CBM 4b B 7 H5eA
27 AEIAEMERS

SR BRRSA [) Ab BT - 38 240 TR A VR A5 A T A Y 22
S, 3T OTU K231l = i 40 i 1l . &l 5 57K
fifp T J3E B R B W AR B i 4% O PCLAI PC2, DI
M 82.63% , AR R T )7 22 R b f R LA TN
JEREE L AR L. ElH CMB . CBM AbBEAIE 4% 8 4~
A FRE B 5558, F6 W CMB L CBM Ah Fi55 H 4 4b 341 i) 7

R4 FESEXEY = EH M

Table 4 Effects of different treatments on crop yield

AP Treatment 773 Yield/(kg-hm™)

CMC 69 915.97+9 545.85a
BMC 64 554.91+6 675.62a
CcCcC 69 388.20+7 335.78a
CMB 33 378.40+1 815.86a
BMB 34 034.59+1 503.43a
BBB 32 258.67+1 984.66a
CCM 20 150.00+1 352.77a
CBM 18 950.00+1 361.07a
BBM 21 050.00+826.14a
BCM 20 500.00+377.49a

TE AR/ FRE 3R AN [R) b TR i) 4775 S35 1k 22 5% (P<0.05) 5 HI
AP R A b JEEAT HES

Note: Different small letters refer to difference among treatments at P<
0.05 level ; The same treatments of previous crops were compared.

TR 45 22 SRR, H CMB 1 CBM Ab 3 X 52 A [] #6855
T AFAE 25 X
RIS i

FeAVEXT AN TR VR R A B OC 22 S AR AR,
X PAFEZE S . Sl s P 45 SRR B Ede
P AR I KE AT 3617 .97 49,199 H (318
B 588 Jm 653 Fir, [l B i J& BT 22 A 43 S 1) 4 R
(unclassified bacteria) o

CEA TR 2 SR A BT JEERE TR | FLAF A
PR ZLAT R JERE G 12 2R AT 1478 T R 24 i
AR B ] Limnohabitans J& T & %€ 44 i A 2R T 17
hgel 53 32 J@ 2R 1H SCGC_AAA278-022 Fi& 4 M Fh2x
Xf 5 HE AR, SE T BH AR ED A K o R AT
hgel 73 2 @ Tl 28 % SCGC_AAA278 - 022 A7 1E T
CMB 1 CBM Ab B rfr | H_ 35 P 4> 4b 381 55 JFC Al 4 A L
YEY ™ B e fI%, DU B RR 97 A6 ] B2 B AL
FHEAEMREA

5T lumina HiSeq W36 , R FBOR s i 77
(Paired—End) i J5 15 , 76 45 4b PR A% 78 55 R 48 B0 7
99.8% LA b () 55T, XA [R5 1 Ak B A 4 398 200 1R
16S rRNA J¥ 51 V3~V4 [X AT o 38 e, LA R B
fn PR AR AL o S i 1 B Y 25 e
VE AR AEXT 2= S0 1 10 5 i 28 BH | AS T) 3 A 4 R X
A YR R R TE A A ], SR A B B Y
H#2.10.15 a A [FREVEAE R XS AR + HERUAE P %
M E— 20 WY, 1 v A0 R e S TR S R AT P o
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Figure 4 Abundance cluster heatmap of bacteria at genus level in the different treatment soils
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